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This invention relates to a method of measur 
ing or controlling the proportions or ratio of two 
Substances in a composition of those Substances 
and it is the principal object of the invention to 
provide a method of this kind by means of which 
accurate determinations can be made of the pro 
portions of two substances in a composition re 
gardless of the form of the composition, i. e., re 
gardless of whether it is a mixture, a solution, 
emulsion, suspension or a chemical combination 
and without the necessity of any deformation of 
the composition, if a Solid, and without access to 
the interior of the vessel or pipe containing the 
composition, if in the form of a fluid. 
This is a division of my copending application 

Serial No. 574,135, filed January 23, 1945. 
Many difficulties are encountered in connec 

tion. With the determination or measurement of 
the proportions of two substances in a composi 
tion where access is not readily obtainable to the 
interior of the vessel or pipe holding the compo 
sition. Again, where the composition is in the 
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form of, say, a sample of a solid it is very difficult 
to determine the proportions of the constituents 
without removing a portion of the sample or 
otherwise disfiguring or deforming the sample in 
order to make the analysis. As an example, let 
us assume that a composition is formed of two 
substances either in a homogenous or a non 
homogeneous mixture and in the form of, say, a 
block or a brick. Without removing a portion of 
the block for chemical analysis, it would obvious 
ly be difficult to determine the proportions of the 
two Substances. As another example, suppose 
that a fluid is figwing through a pipe and that 
the fluid is formed of two substances the ratio of 
Which it is desired to ascertain. Without remov 
ing a sample of the flowing fluid for analysis by 
weighing or by chemical means, it would obvious 
ly be difficult to determine the exact ratio of the 
tWO Substances forming the fluid. It Would be 
still more difficult to make a continuous record 
showing substantially instantaneously variations 
in the ratio of the two fluids without continuously 
removing or by-passing a small amount of the 
fluid to be used for analysis. - 
In accordance with the present invention a 

method has been devised through the use of 
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which the desired results mentioned above, i. e., 
measurement or Control of the proportions of 
substances in a composition, can be obtained, and 
this regardless of the form of the composition, 
i. e., whether it is a 'Solid or a fluid mixture, a so 
lution, emulsion, suspension or a chemical combi 
nation. Through the use of the invention it is 
also possible to determine variations in tempera 
ture which may occur in the composition, such as 
a fluid flowing through a pipe, without removing 
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samples and without any access to the interior of 
the pipe for the insertion of thermocouple ele 
inents, or the like. - 
In carrying out the invention, a beam of pene 

trative radiation is transmitted through the com 
position, the proportions of which it is desired to 
ascertain and a measurement is made of the in 
tensity of the radiation after it has traversed the 
composition. The length of the path of the beam 
through the composition may be selected so that 
a predetermined accuracy can be obtained. Thus, 
the beam may pass diagonally through a pipe 
carrying a fluid composition or it may pass 
through a selected portion of a vessel in which 
the composition is being treated. By proper cali 
bration of the measuring instrument, the inten 
sity reading can be made to indicate directly the 
ratio of the two substances in the composition be 
ing examined. For calibration purposes a meas 
urement as described above can be made where 
the beam of radiation is transmitted through 
each of the Substances separately providing that 
the length of the path of the beam through the 
Substances is the same as in the case where the 
beam is transmitted through the mixture or com 
position. If desired, instead of measuring the in 
tensity of the radiation passing through each of 
the Substances taken alone, measurements can be 
made through known mixtures, i. e., composi 
tions wherein the proportions or the ratio of the 
two substances are known, and a calibration 
curve then prepared from which the ratio of the 
Substances in an unknown composition can sub 
sequently be read directly. 
As an example of an application of the inven 

tion a description will be given of the use of the 
method as applied in determining the ratio of 
acid catalyst to hydrocarbons in an alkylation 
process. Wherein isoparaffinic hydrocarbons are 
alkylated to produce hydrocarbons suitable for an 
aviation type motor fuel. 

For a better understanding of the invention 
reference may be had to the accompanying draw 
ing in which: 

Fig. 1 is a somewhat diagrammatic illustration 
through a vessel containing a composition of two 
Substances the ratio of which it is desired to as 
certain, 

Fig. 2 is a vertical elevation showing apparatus 
used in an alkylation process, 

Fig. 3 is a diagram to which reference will be 
made in explaining the principles of the inven 
tion, 

Fig. 4 is an enlarged view through a section of 
pipe showing a somewhat different arrange 
ment of the radiation source and detector, while 

Fig. 5 is a Sectional plan view through a vessel 
showing an arrangement of apparatus for con 
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trolling the proportions of substances of a con 
position within the vessel. 
In Figure 1 of the drawing a vessel 0 is shown 

as containing a quantity of a composition 2 
which may be a mixture of two substances Or an 
emulsion, solution or chemical composition of the 
two substances. A housing or block 4 of a mate 
rial such as lead capable of absorbing gamma 
radiation contains at its inner Surface, a Small 
amount of a radioactive Substance 6, Such as 
radium, and a beam of the penetrative radia 
tion, indicated diagrammatically by the dotted 
line 22, is transmitted through the walls of the 
vessel O and through the composition 2. At an 
other side of the vessel O is a housing 24 con 
taining a suitable detector 26 of penetrative ra 
diation which may comprise a Geiger-Miller 
counter, a proportional counter or an ionization 
chamber. The detector 26 is connected to a 
suitable amplifier 28, the output of which is in 
turn led to a measuring instrument such as the 
meter 30. If desired, a suitable preamplifier may 
be disposed within the housing 24. 
With reference to Figure 3 let us assume that 

the side walls of the vessel 9 of Figure 1 are 
denoted by the vertical lines O' and that these 
walls have no appreciable thickness; that the in 
tensity of the incoming radiation beam is indi 
Cated at Io and that the intensity of the radiation 
emerging from the vessel is indicated by I. Also 
let us assume that there are two Substances 'a' 
and 'b' in the vessel and the Cross-hatched por 
tions indicate the relative proportions of these 
two Substances in the path of the beam of trans 
mitted radiation. For purposes of illustration 
only, the amount of the substance 'a' is indi 
cated by the block or section marked 'a' as 
though this substance were all in one place, like 
wise that the substance "b' is positioned in one 
place in alignment with the radiation source and 
the Substance 'a.' Then the distance ac Will des 
ignate the proportion of the substance 'a' in 
the mixture or composition and l minus ac desig 
nates the portion of the Substance "b,' l of course, 
indicating the length of the path of the bean 
through the composition. 

First let us assume that there is Only one Sub 
stance in the vessel 0' and that the beam of 
radiation therefore passes through nothing other 
than this substance 'a' and the walls of the ves 
Sel. Then, 

I-Iger's () 
where a is the intensity of the radiation which 
has passed through the Substance “d,' and kais 
the absorption coefficient for the substance “a.' 
Assuming then that the substance "b' is the 

only substance in the path of the beam of radia 
tion, 

I = Ie (2) 
where kb is the absorption coefficient for the sub 
Stance “b.' 

Let us assume now that both Substances are in 
the vessel as shown in Figure 3 and that I' is the 
intensity of the radiation after it has passed 
through the Substance 'a' and before it reaches 
the substance “b,' then 

I = Ieka (3) 
and 

I= It-ki (1-z) (4) 
substituting, 

I= I-kz-k:(-2) (5) 
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4 
From Equations 1, 2 and 5 one can solve for the 
three unknowns ka, kb and ac. If l is aSSumed to 
be one then a will be the percentage of the Sub 
stance 'a' in the composition “ab.' In this dis 
cussion we have assumed that the Walls have no 
thickness. In an actual case where the composi 
tion is in a container, the equations Would obvi 
ously include a factor to represent the absorbing 
effect of the Walls. 

It is to be understood that the Substances 'a' 
and “b’ within the path of the radiation beam 
can be mixed in any manner or they can com 
prise a solution, an emulsion or dispersion, or a 
chemical combination of the two substances since 
the absorption of the radiation in the composi 
tion depends only upon the atomic structure. In 
other words, the absorption of gamma rays de 
pends only on the number of atoms per unit vol 
ume and it remains unchanged as long as the 
number of atoms remains the same, regardless of 
the nature of the composition, i. e., whether it is 
in the form of a mixture, solution, etc. 

It Will be clear from the above that once the 
measurements are obtained for each Substance 
separately, it will thereafter be necessary merely 
to take a single reading on any mixture or solu 
tion of these Substances and from that reading 
the proportion or ratio of the Substances can 
be quickly determined. If desired, a curve can be 
prepared either for the two substances separate 
ly or for known ratios of the two substances, and 
then the ratio of the unknown composition read 
directly from the curve. While the container f0 
has been described as a vessel, it is contemplated 
that it may be a pipe or conduit through which 
the composition f2 is flowing. The pipe should 
be full so that the length of the path of the radia 
tion beam through the composition will not wary. 

In Figure 2 the invention is illustrated as ap 
plied to the determination of the ratio of the 
acid catalyst to the hydrocarbons in the emul 
Sion flowing from a contactor of the “Stratico’ 
type in an alkylation system. The contactor is 
represented at 32 into which the isoparafiinic 
hydrocarbons isobutane and butylene enter 
through the pipe 34. The fresh acid-catalyst 
enters the contactor through the pipes 36 and 38 
and a motor 40 serves to drive an agitator, not 
ShOWn, SO as to emulsify the acid and hydrocar 
bons. The emulsion is drawn from the upper 
portion of the contactor 32 through the pipe 
42 and is passed to a separator 44. Part of the 
acid settling in the separator may be recycled 
by means of the pump 46 through the pipe 38 
into the contactor. The pipe 42 is illustrated as 
having a short vertical section 48 and on the 
Opposite sides of this section are placed the hous 
ing 4 containing the source of radiation and the 
housing 24 containing the radiation detector. 
The output of the detector passes to the amplifier 
28 and then to the meter 30 as has been de 
Scribed hereinbefore. By placing the source and 
the detector at opposite sides of a vertical pipe 
one is assured that the pipe will remain full of 
the emulsion. ASSuming that intensity meas 
urements have been made of the acid alone and 
of the hydrocarbons alone when occupying the 
pipe Section 48, or that the instrument 30 has 
been calibrated in any other suitable manner 
it is then merely necessary to observe or record 
the reading of the meter 30 to determine the 
proportions or the ratio of the acid and the hy 
drocarbons when the emulsion is passing through 
the pipe Section 48. 
The greater the length of the path of the 
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radiation through the composition, the more ac 
curate will be the measurements. Thus, if it is 
desired to measure density variations of the Order 
of, say, plus or minus 0.5° Bé., in the emulsion 
flowing through the pipe 48 (Fig. 2), the.hous 
ing 24 can be raised or lowered on the pipe 48 
so that the path of the beam will be Sufficiently 
long to provide this accuracy. In Figure 4 is an 
enlarged section of a pipe which may, for in 
stance, be the pipe 48 of Figure 2 with the hous 
ing 4 containing the source positioned against 
the outer surface of the pipe and the housing. 2. 

' containing a detector 26 positioned adjacent the 
opposite side of the pipe but in a lower position 
with respect to the housing it 4. The path of the 
beam 22' is therefore increased and greater ac 
curacy will be attained. The source must, of 
course, have sufficient strength to transmit radia 
tion through the desired path 22' to actuate the 
detector 26. 

Figure 5 is a sectional plan view showing a 
modification in which a housing a containing 
a source of radiation is mounted on the exterior 
surface of a vessel 32a, which may be, for in 
stance, the contactor 32 of Figure 2. Also dis 
posed adjacent the exterior of the vessel across, 
but not necessarily exactly opposite the housing 
sa, is a housing 24 a containing a radiation de 

tector 26a. The housing 24 is positioned with 
respect to the housing i4a, so that the radiation : 
beam 22a within the emulsion will be long enough 
to provide measurements of the desired accuracy. 
In this manner the acid-hydrocarbon ratio of 
the emulsion 32a can be measured while the 
emulsion is still being circulated within the ves." 
sel. 
Although the invention has been described as 

a method of measuring or determining ratios of 
substances in a composition, it is contemplated 
that these determinations can be used in con 
nection with control in manufacturing processes. 
As shown in Figure 5, the vessel 32a is provided 
with two intake pipes or conduits 50 and 52, one 
for each of the substances to be treated within 
the vessel. The conduit 52 is provided with a 
valve 54 actuable by suitable means Such as a 
solenoid illustrated diagrammatically at 56. The 
output of the detector 26a is connected to an am 
plifier 28a, the output of which in turn is led to a 
relay 58. The relay is connected to the Solenoid 
56 and is adapted in any well known manner to 
connect a source of electric current 60 to the Sole 
noid when the relay is actuated by a predeter." 
mined increase or decrease in the output of the 
amplifier, 28a. Thus, assuming for example that 
isobutane-butylene enters the vessel 32d through 
the pipe 50 and that the acid catalyst enters 
through the pipe 52, the apparatus shown in Fig 
ure 5 can be easily adjusted to maintain a de 
sired ratio between these substances in the emul 
sion within the vessel 32a. In case the ratio 
should change more than an allowable amount, 
the response of the detector 26d. will change and 
the amplifier output will cause the relay 58 to 
operate to actuate the Solenoid 56 to open or close 
the valve 54, as the case may be, to control the 
amount of acid flowing into the vessel 32d. 
The method is applicable in many Othe 

processes such as in continuous grease man 
facture to assure uniformity of batches, in de 

termining the extent of polymerization in rubber 
manufacture, the extent of cracking and the ex 
tent of dehydrogenation in dehydro operations, 
and in the control of fractionation operations, 
particularly those applied to the separation of 
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6 
material. in high degree of purity. The fore 
going are by Way of example only. . . . . 
From the principles of the invention which 

have been described in the foregoing paragraphs 
it. Will also be observed that since the intensity 
of the radiation beam passing through a com 
position varies with the density of that com 
position and since the density will vary with 
changes in temperature in the composition, 
the invention is also applicable in the deter 

Thus, 
with reference again to Figure 2, if the meter 
30 is calibrated in temperature and the tem 
perature of the emulsion passing through the 
pipe section 48 changes, the density of the 
emulsion will change accordingly and the meter 
39 will show a different reading, indicating the 
new temperature. Thus without the use of 
thermometers, thermocouples and the like, and 
without the necessity of access to the interior 
of the pipe section 48, indications or a record 
may be had of these temperature variations. 
There is usually a lag in the action of most 
temperature sensitive devices such as thermo 
couples and the like but with the present method 
the meter 30 will respond substantially instan 
taneously to variations in density of the com 
position within the pipe 48, and thus to varia 
tions in temperature. 
While the source 6 has been described as 

radium and the radiation beam as comprising 
gamma rays, it is to be understood that other 
types of radiation can be used. For instance, 
neutrons emitted from a mixture of radium and 
beryllium could be utilized, the detector 26 in 
such a case comprising preferably an ionization 
chamber or a proportional counter. Likewise, 
in certain instances an artificially radioactive 
Source may be advantageous. Where “penetra 
tive radiation' is referred to in the claims, it is 
contemplated that any of these radiations or 
others, such as for example, X-rays, alpha rays, 
electrons and protons can be used. 

It is to be understood that in the claims which 
follow, although reference may be made to a 
Specific form of composition such as a “mix 
ture,' it is intended that all other forms of com 
position are to be included within the meaning 
of this term, such as solutions, emulsions, sus 
pensions, dispersions, chemical combinations and 
the like. 
Obviously many other modifications and 

variations of the invention, as hereinbefore set 
forth, may be made without departing from the 
Spirit and scope thereof, but only such limita 
tions should be imposed as are indicated in the 
appended claims. 
I claim: 
1. The method of determining the proportions 

of two substances in a mixture which comprises 
transmitting a beam of electrons through said 
mixture over a predetermined path, transmitting 
Said beam through mixtures of said substances 
wherein the proportions of the substances are 
known while maintaining the length of the path 
the Saime as for said first transmission, measur 
ing the intensities of said beam after being 
transmitted through said unknown mixture and 
Said known mixtures, and from a comparison of 
the measurements so obtained calculating the 
proportions of the substances in the unknown 
mixture. 

2. The method of determining the proportions 
of two substances in a composition flowing 
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-through a pipe which comprises transmitting 
substantially laterally through said pipe a beam 
:of electrons when the pipe is conducting a con 
position of said substances and when the pipe 
contains each substance separately, observing 
the intensities of the beam after it has traversed 
the pipe, and from the measurements so obtained 
'calculating. Said proportions. 

3. The method of determining the ratio of 
two substances in a composition. Which con 
prises transmitting a beam of electrons through 
said composition and through other compositions 
of the same substances wherein the ratio of the 
substances is known, while maintaining con 
stant the lengths of the paths of Said beam 
through the known and unknown compositions, 
‘and measuring the intensities of the radiation 
after passing through said compositions, and 
from said measurements calculating the propor 
tions of the substances in the first mentioned 
composition. 

4. The method of determining the propor 
tions of two substances in a mixture in an 
opaque container which comprises transmitting 
through said container and said substance a 
beam of electrons, repeating this operation when 
the container holds mixtures of said Substances 
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in known proportions, observing the intensities 
of the beam during each transmission, and from 
the measurements so obtained, calculating Said 
proportions. 

5. The method of determining the proportions 
of two substances in a mixture in an opaque 
container which comprises transmitting a beam 
of electrons through at least a portion of the 
mixture in said container, repeating this opera 
tion when the container holds mixtures of Said 
substances in known proportions while main 
taining the length of the path of Said beam the 
same as for said first transmission, observing 
the intensities of the beam during each trans 
mission, and from the measurements so obtained 
calculating said proportions. 

GERHARD HERZOG. 
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